Abstract. In a commercial environment, it is advantageous to know how long it takes customers to move between different regions, how long they spend in each region, and where they are likely to go as they move from one location to another. Presently, these measures can only be determined manually, or through the use of hardware tags (i.e. RFID). Soft biometrics are characteristics that can be used to describe, but not uniquely identify an individual. They include traits such as height, weight, gender, hair, skin and clothing colour. Unlike traditional biometrics, soft biometrics can be acquired by surveillance cameras at range without any user cooperation. While these traits cannot provide robust authentication, they can be used to provide identification at long range, and aid in object tracking and detection in disjoint camera networks. In this chapter we propose using colour, height and luggage soft biometrics to determine operational statistics relating to how people move through a space. A novel average soft biometric is used to locate people who look distinct, and these people are then detected at various locations within a disjoint camera network to gradually obtain operational statistics.
Introduction
For operators of large, public facilities such as airports, transport hubs and shopping centres, it is important to understand how people move through the environment and how long it takes to move between key points. At present, only manual methods are available to collect such data, typically achieved by a staff member handing a customer a piece of time stamped paper which they hand to a second staff member at a later point in the process. While object tracking systems [20, 6, 54, 17, 18 ] offer a possible solution for small environments and situations where there is continuous camera coverage, they are not practical for deployment in locations such as an airport, where there are large and frequent gaps in the camera network and a large number of possible paths through the environment (i.e. it is unclear which camera a person would next appear in). While techniques such as crowd counting [55] are designed to operate in such an environment, they only extract information about the crowd as a whole, and disregard the behaviour of individuals within it.
Within a large, disjoint, surveillance environment, soft biometrics [15, 12, 53 ] offer a means to continuously recognise people as they move through an environment. However, in a crowded space where there are hundreds, or possibly thousands of people present, there are likely to be a large number of people who have a similar appearance making accurate matching across views challenging and error prone. For example, in a typical airport there are likely to be a large number of business men wearing dark suits. However, while it would be difficult to match these similar looking people, a person who stands out from the crowd would be comparatively easy to follow through the environment, even when the path they take and speed which they move through the environment could not be anticipated.
In this chapter, we propose using soft biometrics to model a persons appearance, and from observations of multiple people calculate an average soft biometric. By comparing people to the average biometric, we can then determine how unique their appearance is, allowing us to automatically select only individuals who stand out from the crowd. This sub-set of people can then be re-detected throughout a disjoint camera network using their soft biometrics (see Figure 1) , to obtain operational measures such as the time taken to travel from point to point.
We demonstrate the proposed system on a small database of up to four cameras collected in-house, and show that the average soft biometrics can be used to locate individuals with a distinct appearance, and then match these people across disjoint camera views. We show that this can be used to obtain an accurate estimate of the time it takes for people to move through the environment.
The remainder of this paper is structured as follows: Section 2 presents an overview of soft biometrics in surveillance imagery and other related literature; Section 3 outlines the soft biometric models used in this work; Section 4 describes how the average biometrics are calculated and how these are used to detect distinct individuals and calculate operational statistics; Section 5 presents and evaluation of both the soft biometric models (Section 5.1) and the estimation of operational measures through the detection of unique individuals (Section 5.2); and Section 6 concludes the chapter and outlines possible directions for future research.
